Abstract. In this paper, the collaborative spectrum sensing technique of multiuser is studied, and the global detection probability is obtained by allocating the weight of each user through the control center under the given false alarm probability. The maximum global detection probability is deduced, and an improved adaptive genetic algorithm is used to solve the optimal combination of weight distribution to reduce the detection time of spectrum sensing. In addition, the non-cooperative and cooperative, optimal linear, genetic algorithm and improved adaptive genetic algorithm are simulated and compared. The results show that the detection reliability of spectrum sensing system can be effectively improved by multi-user cooperative, and the convergence rate of the optimal solution is improved by the improved adaptive genetic algorithm, which reduces the spectrum detection time.
Introduction
In the communication process, a large number of spectrum resources are idle in time and space. The cognitive radio technology improves the spectral efficiency of the wireless network by utilizing the idle licensed spectrum without affecting the communication among the other primary users [1] [2] . In cognitive radio, when the primary user is idle, the cognitive user can access the spectrum awareness by guaranteeing spectrum quality of the primary user in order to maximize the spectrum utilization. Multi-user cooperative detection can effectively improve the reliability of detection by combining different cognitive users to detect the primary users and reduce the impact of external factors which usually appear in single cognitive user cases [3] [4] . Therefore, the collaborative spectrum sensing technology has been widely concerned and applied [5] [6] [7] . An algorithm was proposed by Quan, which combines the weights for each cognitive user's perception in a linear way, and optimizes the weights through the fusion center in order to maximize the detection probability when the interference to the main user is less than the threshold [8] [9] .
In this paper, the cooperative spectrum sensing problem using multiuser is studied and the detecting probability of multi-user cooperative spectrum sensing is deduced. Once the probability of false alarm is fixed, the weight of each cognitive user is optimally assigned by the FC in order to the global detection probability. Furthermore, an improved adaptive genetic algorithm is proposed to solve the multi-user collaborative spectrum sensing optimization. The detection time of genetic algorithm and improved adaptive genetic algorithm are analyzed and simulated.
System Model
Suppose there is a primary user and M cognitive users and the primary user transmits and receives J antennas. All cognitive users have the same antenna number, which is denoted as
Suppose that the test of the i-th cognitive users in the k-th time slot is as follows:
Assuming that the number of sampling points of user i is N, the power detection result is N timeslots:
(2) The sampling result u i is transmitted to the control center, and the control center receives the first i user's statistics, which can be expressed:
is an additive Gaussian white noise with mean 0 and variance δ i 2 . The control center assigns the weighting factor w i to the statistical results of each cognitive user, and then the equation (4) is applied to obtain the global detection result.
Multi-user Collaboration Spectrum Sensing
For a single cognitive user's spectrum sensing, the detection information in N time slots is expressed as follows: 
The false alarm probability and detection probability of a single cognitive user can be deduced respectively:
In the equation, γ i is the decision threshold. In order to improve the accuracy of detection, multi-user collaboration spectrum sensing can be used. According to the equation (4), the mean value of the cooperative detection y c is expressed as:
In the formula, σ = (
T , the variance of the corresponding y c is expressed as:
The false detection probability P f and the detection probability P d of the cooperative detection are expressed respectively as:
In the equation, γ c is the decision threshold for cooperative detection.
When P f is fixed, the decision threshold and the detection probability P d can be obtained as follows:
From equation (19), is known that the cooperative spectrum sensing is to find the optimal detection probability P d when P f is fixed. Since the Q function is a non-increasing function, the definition f(w) is as follows, and the detection probability P d is maximized when the function f(w) is minimized.
Therefore the cooperative spectrum sensing detection results of the multi-user are expressed as follows: min ( ) s. t||w|| 2 2 = 1 (13)
Using Improved Adaptive Genetic Algorithm for Multi-user Collaboration Spectrum Sensing
As a global searching algorithm based on natural selection and population genetic mechanism, genetic algorithm is widely used in solving many non-convex problems [11] . However, due to the unchanged crossover probability and mutation probability, the simple genetic algorithm (GA) can avoid the premature convergence due to its slow convergence rate. Therefore, in order to avoid these shortcomings of the traditional genetic algorithm, an improved adaptive genetic algorithm (IAGA) is used to solve the multi-user cooperative sensing optimization problem [10] [11]. Individuals: As the solution of the multi-user cooperative spectrum sensing problem, the individual can be defined as the amount which needs to be optimized, is the fusion center to each user detection information distribution weight w. Assuming the number of individuals in IAGA is P, The individual i is expressed as x i = [x i1 , ⋯ x iD ], x i = 1, ⋯ , P, defining x i = w, D = M, where D denotes the individual dimension.
Fitness function: IAGA through the value of fitness function to assess the merits of the individual, the fitness function is defined for each individual which represents the weight value of the test results is expressed as follows:
fitness(x i ) = f(x i ) (14) It can be seen from the above equation that the smaller the individual fitness value in the population, the greater the detection probability of the representation of the weight represented by the individual, so the better the individual.
The concrete solution steps are: 1. Population initialization. P individuals are randomly generated and normalized x i = x i ||x i || , x i = 1, ⋯ , P.
2. Sort. The fitness value of each individual is calculated according to formula (14), and then it is sorted.
3. Crossover and Variation. Some individuals with the best fitness are selected into the hybrid pool, and two pairs are randomly selected according to the crossover probability P c Cross-introduction of the survival of the fittest strategy to ensure the quality of future generations. According to the mutation probability P m , some individuals are selected for mutation. The probability of crossover is controlled by the crossover probability P c . The optimal P c and P m can keep the diversity of the population and guarantee the convergence of the algorithm.
When
> and > , the population is considered to be concentrated, where 0.5 < a < 1, 0 < b < 1. The equations of P c and P m used in this paper are as follows: 
In these equations, f max denotes the maximum fitness value in the population, f min denotes the minimum fitness value in the population, f avg denotes the average fitness value of each generation, f denotes the fitness value of the individual to be mutated, = 0.8, = 0.1, a = 0.65,b = 0.08. 4. Good quality of the reservation. All the individuals are combined and normalized, and the fitness value of each individual is calculated. The individuals with lower fitness value are selected into the next round of matching pool.
5. Stop. Repeat steps 2 to 4 until the required number of iterations is reached. 6. Output the result. The global optimal value is obtained, and the detection probability is obtained.
Results and Analysis
According to the theoretical derivation above, the performances are simulated and discussed in this section. The number of sampling points N = 20, the maximum number of iterations T = 50, and the crossing individual protection C = 8. Figure 1 shows the probability of detection probability changes with different number of cognitive users and number of antennas. It can be seen from Figure 2 that the cooperative spectrum sensing system can get a higher probability of detection and increase the reliability of the system detection with the increase of the number of transmitting and receiving antennas. It is indicated in Figure 2 that the cooperative sensing can significantly improve the performance of system perception. With the increase of cognitive users in cooperative sensing, the probability of detection increase. In Figure 3 , the average linear combination (OPT.LIN) algorithm, genetic algorithm and improved adaptive genetic algorithm in solving the spectrum sensing problem are compared. As can be seen from the figure, the improved adaptive genetic algorithm takes the least time to reduce the problem solving time and improve the perceived efficiency.
Conclusion
In this paper, an improved adaptive genetic algorithm is proposed to solve the multi-user cooperative spectrum sensing problem in order to reduce the detection time and improve the detection efficiency. The simulation results show that the cooperative spectrum sensing detection probability of the multiuser is larger than that of the non-cooperative and single-antenna sensing scheme. The improved adaptive genetic algorithm use the perceptual time less than that of the optimal linear combination algorithm and the traditional genetic algorithm, which improves the performance of spectrum sensing system. 
